III. Model Verification:
It follows our model can be easily verified to correctly imitate the real situation due to the following observations:

· As number of stations, screening booths, and screeners increase, as the percentage satisfied increases and average waiting time decreases.

· Utilizations of all screeners are the same, which means they are being equally used.

· Waiting time at Secondary Screening Booth is zero, and this is due to the fact that no operation is done at this location, as the screener takes certain amount of time to drop off the passenger at this location in order to simulate actually using the booth, and then the passenger instantly leaves it.

· Number of passengers arriving at the queue given by statistics is roughly the same as the number of passengers arriving from the given data files.

· Number of passengers exiting the system is the same as number of passengers entering the system, no passengers disappear in the system.

· As the percentage of satisfied customers increases, the average waiting time decreases. When the average waiting time is around 3 minutes, the probability of a passenger waiting less then 3 minutes would be around 50%, since almost 50% of passengers wait more than 3 minutes and the other half wait less than 3 minutes (it’s exactly 50% above 3 minutes and 50% below 3 minutes when the median is 3 minutes). In this case we have probability of a passenger waiting less than three minutes around 60%, which makes sense (it is close to 50%). Now as the probability increases, the average waiting time goes down.

· The sum of the passengers entering the four queues leading to the four stations is equal to the total number of passengers.
· Total number of passengers passing through metal detectors is the same as total number arriving and about 80% of the undergo secondary screening
. 
	
	Station 1
	Station 2
	Station 3
	Station 4

	# of Passengers being secondary screened
	2,768
	1,949
	1,328
	935

	# of Passengers entering Metal Detector
	3,470
	2,440
	1,668
	1,163

	Ratio
	79.8%
	79.8%
	79.2%
	80.3%


IV. Discussion of Results and Conclusions
We ran simulations on the following 3 models in ProModel:

1. Checkpoint serving small flights only

2. Checkpoint serving large flights only

(1 and 2 together models current configuration with two checkpoints)

3. Checkpoint serving both small and large flights

The variables changed during simulations are:

1. Number of stations 

2. Number of screeners 

3. Number of screening booths per station

IV.A Objective of Simulation
The objective of the simulation is to ensure that at least 80% of passengers arriving have a waiting time of less than 3 minutes from the time they arrive in the arrival queue till they pass the metal detector. In ProModel, we counted the total number of passengers that arrived at checkpoint as well as the number of passengers with waiting time less than 3 minutes. We then ran ProModel simulations for each of the 3 models and calculated the percentage of passengers that waited less than 3 minutes for each run. We made changes to the number of stations, screeners and screening booths until we achieved the requirement that 80% of the passengers waited less than 3 minutes. We ran 30 replications for each simulation and calculated the 95% confidence interval of the percentage of passengers with waiting time of less than 3 minutes. We ensured that the lower limit of the 95% confidence interval showed that 80% of the passengers waited less than 3 minutes. 

IV.B Simulation Results
	Best
	# Of Stations
	# Of Screeners
	# Of Booths / station

	% Satisfied

	95%Confidence Interval


	
	Small flights:
	
	
	
	

	
	1
	3
	3
	96.27
	(95.09, 97.46)

	
	1
	3
	2
	81.06
	(79.28, 82.85)

	
	1
	2
	3
	80.31
	(78.75, 81.87)

	*
	1
	2
	2
	80.31
	(78.93, 81.68)

	
	Large flights:
	
	
	
	

	
	3
	8
	3,2,2
	81.81
	(80.40, 83.21)

	
	3
	7
	3,3,2
	87.94
	(86.66, 89.21)

	*
	3
	7
	3,2,2
	82.76
	(81.46, 84.06)

	
	3
	7
	2,2,2
	69.41
	(67.58, 71.23)

	
	3
	6
	3,2,2
	72.72
	(70.86, 74.59)

	
	Combined:
	
	
	
	

	*
	4
	8
	2,2,2,2
	84.51
	(83.19, 85.83)

	
	4
	8
	2,2,2,1
	55.53
	(54.89, 56.17)

	
	4
	7
	2,2,2,2
	60.25
	(59.16, 61.34)


IV.D Recommended Model: One Checkpoint serving all flight passengers 
We recommend using one checkpoint to serve the small and large flight passengers. The number of stations needed will be the same as the current arrangement of having two separate checkpoints (four stations in total). However,  using a combined checkpoint requires one less screener and screening booth. 
IV.E Sensitivity Analysis of Recommended Model
In order to see how sensitive the recommended model is to changes, we ran simulations taking into consideration the following possible scenarios:

1.
Passengers that turn up for their flight follows Binomial(capacity,0.95) distribution instead of Binomial(capacity,0.85). In case of peak periods or holiday seasons, it is likely that more people would travel and therefore flight occupancy might increase.

2.
100% of the passengers must be screened instead of just those who set of metal detector and 60% of those who don’t. In case of 9/11 or other terrorist threats, increased security might be necessary.

3.  All bags must be searched and tested for explosives. Again, in case increased security is needed.

4.
One of the X-ray or Metal detectors breaks down. In this situation, one of the stations is effectively unusable since there is only one metal detector and one X-ray machine per station and all passengers need to go through the metal detector and all the bags have to go through the X-ray machine.

5.
One screener falls ill.

IV.E.1 Simulation Results for Sensitivity Analysis of Recommended Model 
	Scenario
	Change description
	# of Stations
	# of Screeners
	# of Booths
	Percentage Satisfied
	95% C.I

	1
	Bin(cap,0.95) turn up for flight
	4
	8
	2,2,2,2
	57.40
	(55.8, 59.0)

	
	
	4
	11
	3,3,3,2
	81.67
	(77.6, 85.7)

	2
	100%  passengers undergo secondary screening
	4
	8
	2,2,2,2
	46.70
	(46.4, 46.9)

	
	
	4
	10
	3,3,3,2
	88.70
	(86.2, 91.2)

	3
	All bags searched and tested for explosives
	4
	8
	2,2,2,2
	83.70
	(80.1, 87.2)

	4
	One station down
	3
	8
	2,2,2,2
	48.6
	(47.8, 49.5)

	5
	One screener ill
	4
	7
	2,2,2,2
	60.25
	(59.2,61.3)


IV.E.2 Discussion of Results for Sensitivity Analysis of Recommended Model
1.
Arrivals for flight follows Binomial(capacity,0.95) distribution

Our current model with four stations, eight screeners and eight screening booths is insufficient to cater for so many passengers arriving for their flight. We need eleven screeners and eleven booths to ensure 81.67% of the passengers wait less than three minutes. Therefore, during holiday seasons or other peak periods, three additional screeners have to be employed and one extra screening booth needs to be set up in stations 1, 2 and 3. 

2.
100% of the passengers must be screened 

We need an additional two screeners and one extra screening booth in stations 1,2 and 3 during periods where increased security is necessary. 

3.  All bags must be searched and tested for explosives

Our current model is sufficient to handle this situation. Even when all of them with bags have to be bag searched and tested for explosives, 83.7% of the passengers wait less than 3 minutes. 

4.
One of the X-ray machine or Metal detectors breaks down

We are unable to achieve 80% of the passengers with wait time less than three minutes if one of the stations cannot be used. It is crucial to have either spare machines or a service team to ensure that any breakdown in machines can be taken care of as quickly as possible. 

5.
One screener falls ill.

If one screener does not come to work for any reason, the average percentage of passengers with waiting time less than three minutes drops drastically to 60.25%. Therefore, management should consider employing extra screeners just to make way for screeners falling ill or taking a day off. 

� 50% set off metal detector and must be screened and 60% of those that don’t set off the metal detector must also be screened, this implies that 80% of all the passengers have to undergo secondary screening.


� w,x,y,z implies w screening booths at station 1, x at station 2, y at station 3 and z at station 4





� The percentage of passengers with waiting time less than 3 minutes. 





� The 95% Confidence Interval of  “Percentage Satisfied” (See Appendix F)
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